
Printed by Jouve, 75001 PARIS (FR)

Europäisches Patentamt

European Patent Office

Office européen des brevets

(19)

E
P

1 
62

8 
43

0
A

2
��&����
�����
�

(11) EP 1 628 430 A2

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
22.02.2006 Bulletin 2006/08

(21) Application number: 05253763.6

(22) Date of filing: 16.06.2005

(51) Int Cl.:
H04L 1/18 (2006.01)

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU MC NL PL PT RO SE SI SK TR
Designated Extension States: 
AL BA HR LV MK YU

(30) Priority: 16.08.2004 JP 2004236831
01.09.2004 JP 2004254954

(71) Applicant: FUJITSU LIMITED
Kawasaki-shi,
Kanagawa 211-8588 (JP)

(72) Inventors:  
• Murata, Syuuichi

c/o FJ Mobile Core Techn. Co. Ltd
Kawasaki-shi
Kanagawa 211-8588 (JP)

• Otonari, Akihide
c/o Fujitsu Network Techn. Ltd
Yokohama-shi
Kanagawa 222-0033 (JP)

• Araikawa, Yuka
c/o Fujitsu Network Techn. Ltd
Yokohama-shi
Kanagawa 222-0033 (JP)

• Niimi, Junichi
c/o Fujitsu LSI Technology Ltd
Kawasaki-shi
Kanagawa 213-0012 (JP)

• Tanaka, Atsushi
c/o Fujitsu LSI Technology Ltd
Kawasaki-shi
Kanagawa 213-0012 (JP)

• Matusaki, Takahiro
c/o Fujitsu LSI Technology Ltd
Kawasaki-shi
Kanagawa 213-0012 (JP)

(74) Representative: Hitching, Peter Matthew et al
Haseltine Lake & Co., 
Imperial House, 
15-19 Kingsway
London WC2B 6UD (GB)

(54) Mobile station using repeat transmission

(57) A mobile station receives a first datum and trans-
mits a first reception result (ACK/NACK) with a first timing
when a first notification was received via a channel
(HS-SCCH) which notifies that data is to be transmitted,
and receives a second datum and transmits a second
reception result (ACK/NACK) with a second timing when
a second notification with a different timing was received
via said channel, said mobile station being characterized
in that it comprises: a repeat transmission unit (39) which,
upon receiving said first notification, transmits said first
reception result with said first timing, and repeats the
transmission with said second timing; and a control unit
(38) which discontinues demodulation or decoding of
said second notification when said first notification has
been received.
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Description

[0001] The present invention relates to mobile sta-
tions, such as mobile stations in a mobile wireless com-
munication system using a W-CDMA communication
protocol.
[0002] Currently, standardization of the W-CDMA
(UMTS) protocol, a protocol for third generation mobile
communication systems, is proceeding under the 3GPP
(3rd Generation Partnership Project). HSDPA (High
Speed Downlink Packet Access), which provides a max-
imum downlink transfer speed of approximately 14 Mbps,
has been specified as one of the themes for standardi-
zation.
[0003] HSDPA is characterized in that it employs an
adaptive modulation and coding (AMC) scheme, switch-
ing for example between the QPSK modulation scheme
and 16-QAM scheme adaptively according to the wire-
less environment between the base station and mobile
station.
[0004] Furthermore, HSDPA employs an H-ARQ (Hy-
brid Automatic Repeat ReQuest) scheme. Under
H-ARQ, when a mobile station detects an error in data
received from a base station, a retransmission request
is made by the mobile station in question to the base
station. The base station performs retransmission of data
upon receiving this retransmission request, and thus the
mobile station performs error correction decoding using
both the already received data and the retransmitted re-
ceived data. In this way, H-ARQ increases the gain of
error correction decoding and reduces the number of re-
transmissions by effectively utilizing already received da-
ta, even if it contains errors.
[0005] The main wireless channels used in HSDPA
include HS-SCCH (High Speed-Shared Control Chan-
nel), HS-PDSCH (High Speed-Physical Downlink
Shared Channel) and HS-DPCCH (High Speed-Dedicat-
ed Physical Control Channel).
[0006] HS-SCCH and HS-PDSCH are both downlink
(i.e. in the direction from the base station to the mobile
station) shared channels. HS-SCCH is a control channel
for transmitting various parameters relating to the data
transmitted on HS-PDSCH. In other words, it is a channel
which notifies (announces) that data is to be transmitted
via HS-PDSCH.
[0007] The various parameters include, for example,
modulation scheme information indicating which modu-
lation scheme is used to transmit data on HS-PDSCH,
the spreading code allocation number (code number),
information on the rate matching pattern applied to the
transmitted data, etc.
[0008] Furthermore, HS-DPCCH is an uplink (in the
direction from the mobile station to the base station) ded-
icated control channel, which is used by the mobile sta-
tion for sending ACK or NACK signals to the base station
depending on whether or not there was an error in the
data received via HS-PDSCH. Namely, it is a channel
used for transmitting the reception result for data re-

ceived via HS-PDSCH. If the mobile station fails to re-
ceive data (if the received data has a CRC error, etc.), a
NACK signal will be transmitted from the mobile station
and the base station will accordingly perform retransmis-
sion control.
[0009] In addition, HS-DPCCH is used by a mobile sta-
tion, which has determined the reception quality (e.g.
SIR) of the signal received from the base station, to trans-
mit the results thereof periodically to the base station as
CQI (Channel Quality Indicator) information. The base
station judges the goodness of the downstream wireless
environment based on the received CQI information, and
if it is good, switches to a modulation scheme allowing
transmission of data at higher speed, or switches to a
modulation scheme which transmits data at a lower
speed if the wireless environment is not good (i.e., per-
forms adaptive modulation).
[0010] Channel structure
[0011] Next, the channel configuration of HSDPA will
be described.
[0012] Figure 1 is a drawing which illustrates the chan-
nel configuration of HSDPA. Since W-CDMA employs a
code division multiplexing scheme, the individual chan-
nels are separated by code.
[0013] First, the channels which have not been ex-
plained will be briefly described.
[0014] CPICH (Common Pilot Channel) and SCH
(Synchronization Channel) are downlink shared chan-
nels.
[0015] CPICH is a channel for transmitting a so-called
pilot signal, and is used by the mobile station for channel
estimation, cell search and as timing reference for other
downlink physical channels in the same cell. SCH strictly
speaking includes P-SCH (Primary SCH) and S-SCH
(Secondary SCH), and is a channel transmitted in bursts
in 256 chips at the head of each slot. SCH is received by
mobile stations which perform three-step cell search and
is used for establishing slot synchronization and frame
synchronization.
[0016] Next, the timing relationship of the channels will
be described using Figure 1.
[0017] As shown in the drawing, in each channel, one
frame (10 ms) consists of 15 slots (each slot comprises
a 2560 chip length). As described above, CPICH is used
as a reference for other channels, so the head of the
P-CCPCH and HS-SCCH frames is aligned with the head
of the CPICH frame. Here, the head of the HS-PDSCH
frame is delayed by 2 slots relative to HS-SCCH, etc.,
which is to make it possible for the mobile station to per-
form demodulation of HS-PDSCH with the modulation
scheme corresponding to the received modulation
scheme after receiving modulation scheme information
via HS-SCCH. Furthermore, HS-SCCH and HS-PDSCH
comprise sub-frames of 3 slots.
[0018] HS-DPCCH is an uplink channel. Its first slot is
used for transmitting an ACK/NACK signal indicating the
HS-PDSCH reception result from the mobile station to
base station approximately 7.5 slots after the HS-PDSCH
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reception. Furthermore, the second and third slots are
used for periodically transmitting CQI information as
feedback for adaptive modulation control to the base sta-
tion. Here, the transmitted CQI information is calculated
based on the reception environment (e.g. the SIR deter-
mination result for CPICH) as determined in the period
from 4 slots until 1 slot before the CQI transmission.
[0019] The ACK and NACK signals used for notifying
whether reception of HS-PDSCH was or was not possible
may be repeated multiple times depending on the set-
tings.
[0020] Namely, as illustrated in Figure 1, having re-
ceived an HS-PDSCH transmission announcement in
the first sub-frame (A) of HS-SCCH, the mobile station
demodulates and decodes HS-PDSCH (first sub-frame
E), which is delayed by two slots, performs a CRC check,
and detects if any error is present.
[0021] Here, in the case where a determination of no
error was made, as shown in the drawing, an ACK signal
is transmitted in the first slot (slot C in the drawing) of the
sub-frame delayed by approximately 7.5 slots from the
HS-PDSCH reception, and transmission of the same
ACK signal is repeated in the first slot (slot D in the draw-
ing) of the subsequent sub-frame. Of course, if there was
an error, a NACK signal would be repeatedly transmitted.
[0022] It is of course also possible to not have the re-
ception result transmitted repeatedly, but repeating the
transmission of the ACK signal or NACK signal N times
in this manner (N is a natural number) ensures more re-
liable reception of the ACK signal or NACK signal by the
base station and prevents unneeded retransmission con-
trol.
[0023] However, in order for transmission of the ACK
signal or NACK signal to be repeated in the next
sub-frame, HS-PDSCH cannot be transmitted to the
same mobile station in the following N sub-frames, in-
cluding the next sub-frame (F).
[0024] This is in order to prevent losing the ability to
distinguish between whether the ACK signal (slot D in
the drawing) is the repeated transmission of the reception
result (ACK or NACK signal) relating to the first sub-frame
E of HS-PDSCH corresponding to the first sub-frame A
of HS-SCCH, or the initial transmission of the reception
result (ACK or NACK signal) relating to the second
sub-frame F of HS-PDSCH corresponding to the second
sub-frame B of HS-SCCH.
[0025] Next, the content and coding procedure of the
data transmitted on HS-SCCH will be described.
[0026] Data transmitted on HS-SCCH
[0027] The following data are transmitted on
HS-SCCH. These data are used for reception processing
of HS-PDSCH, which is transmitted after a 2 slot delay.

(1)Xccs (Channelization Code Set information)
(2) Xms (Modulation Scheme information)
(3)Xtbs (Transport Block Size information)
(4)Xhap (Hybrid ARQ Process information)
(5)Xrv (Redundancy and constellation Version)

(6)Xnd (New Data indicator)
(7)Xue (User Equipment identity)

[0028] (1) through (7) will now be described.
[0029] (1) Xccs is a datum indicating the spreading
code used for transmitting data on HS-PDSCH (e.g. a
datum indicating a multi-code number and code offset
combination), and consists of 7 bits.
[0030] (2) Xms is a datum indicating that the modula-
tion scheme used on HS-PDSCH is either QPSK or
16-QAM, and consists of 1 bit.
[0031] (3) Xtbs is a datum used for computing the
transport block size of data transmitted on HS-PDSCH
(the size of data transmitted in one HS-PDSCH
sub-frame), and consists of 6 bits.
[0032] (4) Xhap is a datum indicating the H-ARQ proc-
ess number, and consists of 3 bits. The base station is
unable to judge whether or not data was successfully
received by the mobile station until the base station re-
ceives an ACK or NACK. However, if one were to wait
until receiving an ACK or NACK before transmitting a
new data block, the transport efficiency would drop. Thus,
to allow transmission of new data blocks before an ACK
or NACK is received, a process number is defined for
each data block transmitted in a sub-frame, and the mo-
bile station discriminates the reception processing it per-
forms according to the process number. In other words,
when performing retransmission, the base station as-
signs a process number to transport blocks under the
condition that the same process number is assigned as
that of the previously sent block, and transmits it via
HS-SCCH as Xhap.
[0033] Therefore, the mobile station classifies the data
received via HS-PDSCH based on the Xhap it has re-
ceived, distinguishing between new transmission and re-
transmission within a data stream for which the same
process number was provided via HS-SCCH based on
Xnd, which will be discussed under (6), combining new
data with retransmitted data, and the like.
[0034] (5) Xrv is a datum indicating the redundancy
version (RV) parameters (s, r) and constellation version
parameter (b) for HS-PDSCH retransmission, and con-
sists of 3 bits.
[0035] s is a bit which indicates whether or not system-
atic bits are to be prioritized in the rate matching, which
will be described later. For example, if s = 1, the system-
atic bits are prioritized, and if s = 0, the systematic bits
are not prioritized. r indicates the bit pattern of puncture
and repetition and b indicates the constellation rear-
rangement pattern for rate matching.
[0036] During retransmission, considering the combin-
ing on the receiving side, it is desirable to vary the trans-
mitted bits or change the constellation arrangement, so
Xrv is used by cycling it between 0 and 7. Furthermore,
since there is no need to change Xrv for each initial trans-
mission, the initial value for new transmissions can be
fixed.
[0037] (6) Xnd is a datum indicating whether the block
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transmitted on HS-PDSCH is a new block or a retrans-
mitted block, and consists of 1 bit. For example, when
transmitting a new block, it would be switched from 0 to
1 or from 1 to 0, and for retransmission, it would not be
switched and the same value would be used.
[0038] For example, when performing new transmis-
sion, retransmission, new transmission, retransmission,
retransmission and new transmission in that order, the
bits would change as follows: 1, 1, 0, 0, 0, 1.
[0039] (7) Xue is a datum indicating mobile station
identification information, and consists of 16 bits.
[0040] •"Coding of data transmitted on HS-SCCH"
[0041] Figure 2 is a drawing illustrating the coding pro-
cedure (coding device) for the aforementioned data (1)
through (7) which are transmitted on HS-SCCH. This
coding is performed mainly by the base station.
[0042] In the drawing, 1 is a coding unit, 2 is a rate
matching unit, 3 is a multiplier, 4 is a CRC computation
unit, 5 is a multiplier, 6 is a coding unit, 7 is rate matching
unit, 8 is a coding unit and 9 is a rate matching unit.
[0043] Next, the operation of each block will be ex-
plained.
[0044] (1) Xccs, represented by 7 bits (x1,1 ~ x 1,7),
and (2) Xms, represented by 1 bit (x1,8), are input into
the coding unit 1 as a datum of 8 bits total. Here, the first
number of the subscript signifies that this relates to data
transmitted in the first part (first slot), and the second
number, separated by a comma (,), indicates the number
of the bit.
[0045] Coding unit 1 appends 8 tail bits to the input
data and performs convolution coding with a code rate
of 1/3 on the total of 16 bits. Therefore, the coded data
becomes a total of 48 bits, and is supplied as z1,1 ~ z
1,48 to the rate matching unit 2. Rate matching unit 2
performs puncture or repetition processing or the like on
specific bits to adjust them to a bit number that will fit into
the first slot (here, assumed to be 40 bits), and outputs
the result (r1,1 ~ r1,40).
[0046] Data from the rate matching unit 2 is multiplied
with c1 ~ c40 by the multiplier 3 and output as s1,1 ~
s1,40, and is transmitted in the first slot (first part), which
is the slot at the head of the sub-frame of HS-SCCH in
Figure 1.
[0047] Here, c1 ~ c40 are obtained by taking data from
(7) Xue (xue1 ~ xue 16), appending 8 tail bits thereto and
then convolution coding with a coding rate of 1/2 in coding
unit 8 to obtain b1 ~ b48, and further performing the same
sort of bit adjustment in rate matching unit 9 as was done
in rate matching unit 2.
[0048] Meanwhile, the 6-bit (3) Xtbs (x2,1 ~ x2,6), 3-bit
(4) Xhap (x2,7 ~ x2,9), 3-bit (5) Xrv (x2,10 ~ x2,12) and
1-bit (6) Xnd (x2,13) are input as a total of 13 bits y2,1 ~
y2,13 together with the 16-bits y2,14 ~ y2,29, for a total
of 29 bits y2,1 ~ y2,29, into coding unit 6.
[0049] Here, y2,14 ~ y2,29 are obtained by performing
CRC computation processing on the total of 21 bits of (1)
through (6) in the CRC computation unit 4 and multiplying
c1 ~ c 16, as the result of the computation, by (7) Xue

(xue1 ~ xue16).
[0050] The y2,1 ~ y2,29 which are input into coding
unit 6 have 8 tail bits added thereto and are convolution
coded with a 1/3 coding rate and input as 111-bit data
z2,1 ~ z2,111 into the rate matching unit 7.
[0051] The rate matching unit 7 outputs 80 bits, r2,1 ~
r2,80, by means of the aforementioned puncture or other
such processing, and these r2,1 ~ r2,80 are transmitted
in the second part (second and third slots) in 1 sub-frame
on HS-SCCH in Figure 1.
[0052] As described above, the data of (1) and (2) are
transmitted in the first slot, while (3) through (6) are trans-
mitted in the second through third slots, thus being trans-
mitted distinctly in separate slots; on the other hand, the
CRC computation is carried out on them in common, with
the CRC computation result being transmitted within the
second slot, so detection of reception error becomes pos-
sible once both the first and second parts are completely
received.
[0053] Furthermore, since the data to be transmitted
in the first slot is convolution coded by coding unit 1 and
then multiplied by (7) Xue in the multiplier 3, when data
addressed to another station is received in the first slot,
the likelihood generated in the decoding process will be
smaller compared to if the data were addressed to the
receiving station, thus making it possible to know if there
is a high probability of the data not being addressed to
the receiving station by comparing the likelihood to a ref-
erence value.
[0054] •"Coding of data transmitted on HS-PDSCH"
[0055] Next, the process until the transmission data is
transmitted via HS-PDSCH will be described using a
block diagram.
[0056] Figure 3 is a diagram illustrating a wireless base
station.
[0057] In the drawing, 10 represents a control unit
which successively outputs the transport data to be trans-
mitted via HS-PDSCH (the data transmitted within one
sub-frame) as well performing control of the various units
(11 through 26, etc.). The values of (1) through (7) ex-
plained in Figure 2 are given by this control unit 10.
[0058] Since HS-PDSCH is a shared channel, it is per-
mitted for the successively output transport data to be
addressed to different mobile stations.
[0059] 11 represents a CRC attachment unit which
performs CRC computation on the successively input
transport data (data transmitted within the same wireless
frame) and attaches the results of CRC computation to
the tail of the transport data, and 12 represents a bit
scrambling unit which imparts randomness to the trans-
mitted data by applying a bit-unit scramble to the trans-
port data with the CRC computation results attached
thereto.
[0060] 13 represents a code block segmentation unit
which segments (e.g. into two equal parts) the input
bit-scrambled transport data if it exceeds a certain data
length, for the purpose of preventing the computation
load of the receiving side decoder from increasing due
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to excessive length of the data to be coded in the sub-
sequently performed channel coding, or for other purpos-
es. The drawing shows a case where the input data length
exceeded a specific data length and the output has been
split into two equal parts (segmented into a first data block
and second data block). Of course, cases where the
number of segments segmented into is other than two
are also possible, as are cases where the segments are
not equal parts but have different data length.
[0061] 14 represents a channel coding unit which per-
forms error correction coding individually on each seg-
mented datum. It is preferable to use a turbo coder for
the channel coding unit 14.
[0062] Thus, the first output, for the first block, contains
the important systematic bits (U) which are the same data
as the data subjected to coding, the first redundancy bits
(U’) obtained by convolution coding of the systematic bits
(U), and the second redundancy bits (U") obtained by
interleaving and then similarly convolution coding the
systematic bits. Likewise, the second output contains the
systematic bits (U), first redundancy bits (U’) and second
redundancy bits (U") for the second block.
[0063] 15 represents a bit separation unit which sep-
arates the first block and second block serially input from
the channel coding unit 14 (turbo coder) into systematic
bits (U), first redundancy bits (U’) and second redundan-
cy bits (U") and outputs them.
[0064] 16 represents a first rate matching unit which
performs rate matching, such as puncturing (thinning),
on the input data so that the input data (in cases where
data is segmented into multiple blocks, all the data of the
segmented blocks) will be of a quantity that fits into a
specific region of the subsequent virtual buffer unit 17.
[0065] 17 represents a virtual buffer unit wherein a re-
gion is established by the control unit 10 according to the
reception processing capacity of the mobile station to be
transmitted to, in which region data rate-matched by the
first rate matching unit 16 is buffered. For retransmission,
by outputting the buffered data, the processing from the
CRC attachment unit 11 to the first rate matching unit 16
can be omitted, but in cases where one wishes to modify
the coding rate for retransmission or the like, it is desir-
able to re-output the transmission data stored in the con-
trol unit 10 and not use the buffered data. It is also pos-
sible to actually provide no buffer for the virtual buffer 17
and simply make it pass-through. In this case, retrans-
mitted data would be re-output from the control unit 10.
[0066] 18 represents a second rate matching unit for
adjusting data to a length that can fit into a sub-frame
designated by the control unit 10; it adjusts the data
length of input data by performing puncture (thinning)
and repetition processing so as to obtain the designated
data length.
[0067] This second rate matching unit 18 performs rate
matching according to the previously explained RV pa-
rameters.
[0068] Namely, depending on the RV parameters,
when s = 1, rate matching is performed so as to leave as

many systematic bits as possible, and when s = 0, it is
permitted on the contrary to reduce the systematic bits
and leave more redundancy bits. Furthermore, puncture
and rate matching are preformed by a pattern that follows
r.
[0069] 19 represents a bit collection unit which arrang-
es the data from the second rate matching unit 19 into a
plurality of bit sequences. Namely, data of the first block
and data of the second block are arranged according to
a specific bit arrangement method to output a plurality of
bit sequences for designating signal points on a phase
plane. Since a 16-QAM modulation scheme is used in
this embodiment example, the bit sequence consists of
4 bits. When using a 64-QAM modulation scheme, the
bit sequence would be made 6 bits, and when using a
QPSK modulation scheme, the bit sequence would be
made 2 bits.
[0070] 20 segments and outputs the bit sequences into
the same number of branches as the spreading code
number indicated by the control unit 10. Namely, it rep-
resents a physical channel segmentation unit which,
when the code number in the transmission parameters
provided by the control unit 10 is N, maps and outputs
the input bit sequence sequentially to branches 1 through
N.
[0071] 21 represents an interleaving unit which per-
forms interleaving on the bit sequences of N branches
and outputs the result.
[0072] 22 represents a constellation rearrangement
unit for 16-QAM, which is capable of rearranging bits with-
in each input bit sequence. Bit rearrangement is per-
formed according to the previously described constella-
tion version. Examples of bit rearrangement include
swapping the high order and low order bits. It is preferable
to perform bit swapping for multiple bit sequences ac-
cording to the same rule.
[0073] 23 represents a physical channel mapping unit
which maps the bit sequences of N branches onto the
corresponding spreading block of the subsequent
spreading unit 24.
[0074] 24 represents a spreading unit which comprises
multiple spreading blocks, each of which outputs a cor-
responding I and Q voltage based on each bit sequence
of N branches and performs spreading thereon with dif-
ferent spreading codes and outputs the result.
[0075] 25 represents a modulating unit which com-
bines the signals spread by the spreading unit 24, per-
forms e.g. 16-QAM modulation scheme amplitude phase
modulation on the result thereof, amplifies it by means
of a variable gain amplifier, further frequency-converts it
to a wireless signal, and then outputs it to the antenna
side as a wireless signal to enable transmission.
[0076] Under HSDPA, it is possible to multiplex signals
addressed to other mobile stations within sub-frames of
the same timing by means of a spreading code, so it is
desirable to provide a plurality of sets of 10 through 25,
variable gain amplifier, etc. (these will be referred to as
transmission sets), combine the output signals of the var-
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iable gain amplifiers, frequency-convert them together,
and then transmit the result to the antenna side. Of
course, since there is a need to separate by code, for the
spreading code used by the spreading unit 24 of each
transmission set, a different spreading code would be
used so as to allow separation.
[0077] 26 represents a receiving unit, which receives
signals from the mobile station received via HS-DPCCH
or the like, and provides ACK and NACK signals, CQI,
etc. to the control unit 10.
[0078] As discussed above, if an ACK signal is re-
ceived, the next new data is transmitted, but in the case
of a NACK signal or a DTX state where there is no re-
sponse, the control unit 10 performs retransmission con-
trol so as to retransmit the transmitted data.
[0079] Of course, as described above if the mobile sta-
tion repeats the transmission of ACK and NACK signals,
control would be performed so that data addressed to
that mobile station will not be transmitted in the HS-PD-
SCH sub-frame corresponding to the repeated ACK sig-
nal or NACK signal transmitted by the mobile station, and
retransmission control would be performed based on the
repeatedly transmitted ACK signal or NACK signal.
[0080] Retransmission is limited to the maximum
number of retransmissions that is set, and if no ACK sig-
nal is received from the mobile station upon reaching the
maximum number of retransmissions, control is provided
to switch to transmission of the next new data.
[0081] In cases where a maximum number of retrans-
missions is not defined, it is possible to start a timer from
a new transmission and switch to transmission of the next
new data when a specific time period is detected to have
elapsed and no ACK signal has been received.
[0082] The foregoing was a description of the names
and operation of the various units.
[0083] Matters relating to HSDPA as discussed above
are disclosed for instance in 3G TS 25.212 (3rd Gener-
ation Partnership Project: Technical Specification; Group
Radio Access Network; Multiplexing and channel coding
(FDD)) and in 3G TS 25.214 (3rd Generation Partnership
Project: Technical Specification; Group Radio Access
Network; Physical layer procedures (FDD)).
[0084] In the previously considered system described
above, the mobile station receives a channel (HS-SCCH)
which notifies that data is to be transmitted, and performs
reception of data (HS-PDSCH) upon receiving a notifi-
cation addressed to the station in question, and to this
end, the mobile station performs reception processing
(demodulation, decoding, etc.) of the channel
(HS-SCCH) via which notifications are conducted, but
the reception processing leads to substantial power con-
sumption.
[0085] It is therefore desirable to reduce power con-
sumption in the mobile station by controlling reception of
the channel (HS-SCCH) which notifies that data is to be
transmitted.
[0086] According to an embodiment of a first aspect of
the present invention there is provided a mobile station

which receives a first datum and transmits a first recep-
tion result with a first timing when a first notification was
received via a channel which notifies that data is to be
transmitted, and receives a second datum and transmits
a second reception result with a second timing when a
second notification with a different timing was received
via said channel, said mobile station being characterized
in that it comprises: a repeat transmission unit which,
upon receiving said first notification, transmits said first
reception result with said first timing, and repeats the
transmission with said second timing; and a control unit
which imposes a restriction on the reception processing
with said different timing of said channel which notifies
that data is to be transmitted when said first notification
is received.
[0087] The said restriction may be a discontinuation of
demodulation or decoding.
[0088] The said restriction may be that demodulation
or decoding is not performed.
[0089] According to an embodiment of a second as-
pect of the present invention there is provided an HSD-
PA-compatible mobile station which, upon detecting that
a message addressed to that mobile station was trans-
mitted via HS-SCCH, receives the corresponding
HS-PDSCH sub-frame, and which, when transmitting the
reception result, repeats the transmission of said recep-
tion result n times, said mobile station being character-
ized in that it comprises: a control unit which performs
control to restrict demodulation or decoding of the first
part of the next sub-frame after the HS-SCCH sub-frame
on which said detection was performed.
[0090] In one embodiment, when said n is 2 or greater,
said control unit performs control such that demodulation
and decoding are not carried out on the first part of the
second and subsequent HS-SCCH sub-frames after the
sub-frame on which said decoding was performed.
[0091] According to an embodiment of the present in-
vention, power consumption in the mobile station is re-
duced by controlling reception of the channel which no-
tifies that data is to be transmitted.
[0092] Reference will now be made, by way of exam-
ple, to the accompanying drawings, in which:
[0093] Fig. 1 is a drawing illustrating the channel con-
figuration of HSDPA.
[0094] Fig. 2 is a drawing illustrating the HS-SCCH
coding unit.
[0095] Fig. 3 is a drawing illustrating a transmission
device (wireless base station).
[0096] Fig. 4 is a drawing illustrating a mobile station
according to an embodiment of the present invention.
[0097] Fig. 5 is a drawing illustrating the HS-SCCH re-
ception processing in the mobile station of Figure 4.
[0098] Below, modes for practicing the present inven-
tion are described by referring to the drawings.
[0099] (a) Description of first embodiment
[0100] Figure 4 is a drawing illustrating an example of
a mobile station according to one embodiment of the
present invention. Here, in particular, a mobile station
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used in an HSDPA-compatible W-CDMA communication
system as described above is presented as an example.
The present invention can of course also be applied to
mobile stations in other communication systems so long
as the principles of the present invention are followed.
[0101] The wireless communication device with which
wireless communication is conducted can be a wireless
base station as illustrated in Figure 3, the operation of
which is as described above.
[0102] In the drawing, 30 represents an antenna, 31
represents a duplexer, 32 represents an orthogonal de-
tection unit, 33 represents and A/D conversion unit, 34
represents a CPICH reception processing unit, 35 rep-
resents an HS-SCCH reception processing unit, 36 rep-
resents an HS-PDSCH reception processing unit, 37 rep-
resents a storage unit, 38 represents a control unit, and
39 represents a transmission processing unit.
[0103] The mobile station receives downlink channels
(e.g. CPICH, P-CCPCH, HS-SCCH, HS-PDSCH) by
means of the antenna 30 and inputs the received signal
via the duplexer 31 into the orthogonal detection unit 32
to perform orthogonal detection.
[0104] Subsequent to orthogonal detection, the signal
is converted by the A/D conversion unit 33 into a digital
signal. This makes it possible to perform subsequent
processing in the digital domain.
[0105] The received signal, having been converted to
a digital signal, is provided to the CPICH reception
processing unit 34, HS-SCCH reception processing unit
35 and HS-PDSCH reception processing unit 36.
[0106] The CPICH reception processing unit 34 deter-
mines the reception environment used for specifying the
CQI information which serves as a parameter used in
adaptive modulation control at the base station. As an
example, the SIR of the CPICH downlink signal may be
determined. Furthermore, the CPICH reception process-
ing unit 34, making use of the fact that the received
CPICH is a known signal, computes a channel estimate
for compensating for phase rotation, attenuation, etc. of
the signal in the propagation path (channel compensa-
tion), and provides the channel estimate to the HS-SCCH
reception processing unit 35 and HS-PDSCH reception
processing unit 36. It is well known that a channel esti-
mate is obtained by evaluating how much the received
signal is displaced from a known signal point on a phase
plane.
[0107] The reception environment is determined reg-
ularly, for example in the period from 4 slots until 1 slot
before the slot in which CQI information is transmitted.
Various cycles of determination are possible. For in-
stance, one can perform the determination once per 20
ms, transmit the same determination result repeatedly in
the first through fourth sub-frames, cease transmitting it
in the remaining six sub-frames, perform one determina-
tion for the next wireless frame, and similarly perform
transmission in specific sub-frames.
[0108] The HS-SCCH reception processing unit 35 is
a reception processing unit for receiving signals trans-

mitted via HS-SCCH as shown in Figure 1, which per-
forms reception processing such as de-spreading and
decoding using a channel estimate for each first slot (first
part) of HS-SCCH and provides the decoding result to
the control unit 38.
[0109] The first slot (first part) is a slot in which a signal
is transmitted which is obtained by convolution coding
Xccs (Channelization Code Set information) and Mms
(Modulation Scheme information) and multiplying by Xue
(User Equipment identity). The HS-SCCH reception
processing unit 35, after de-spreading, uses the given
station’s own Xue to perform the reverse of that compu-
tation, and then performs decoding, such as Viterbi de-
coding, and outputs the decoding result to the control
unit 38.
[0110] If the control unit 38 determines based on the
decoding result that the message was addressed to the
station in question, a demodulation and decoding instruc-
tion for the second part will be issued by the control unit
38, so de-spreading and decoding will be performed on
the remaining second and third slots (second part) of
HS-SCCH, perform error detection (CRC error detection)
processing on the decoded data, and output the decoding
result and error detection result to the control unit 38.
[0111] The data obtained as the decoding result for
the second part of HS-SCCH contains Xtbs (Transport
Block Size information), Xhap (Hybrid ARQ Process in-
formation), Xrv (Redundancy and constellation Version),
Xnd (New Data indicator), etc.
[0112] When the HS-SCCH reception processing unit
35 receives a message addressed to the station in ques-
tion, the HS-PDSCH reception processing unit 36 is in-
structed by the control unit 38 to execute reception
processing.
[0113] Therefore, following that instruction, it performs
demodulation (de-spreading) and decoding on the re-
ceived HS-PDSCH, performs error detection (CRC
check result) processing on the decoded data, and out-
puts the decoding result and error detection result to the
control unit 38.
[0114] Here, the information needed to perform recep-
tion processing is obtained by receiving it via HS-SCCH
and is indicated via the control unit 38. For example, the
control unit 38 may instruct the HS-PDSCH reception
processing unit 36 to perform de-spreading with the
de-spreading code set indicated by Xccs and to perform
demodulation by the demodulation scheme correspond-
ing to the modulation scheme indicated by Xms.
[0115] If the error detection result for HS-SCCH is that
there was an error, there is a large possibility that the
message was not addressed to the receiving station, and
thus it is possible to discontinue demodulation and de-
coding of HS-PDSCH.
[0116] The storage unit 37 is used for storing data
needed by the control unit 38. For instance, it may store
a CQI table. The CQI table contains correlations between
reception environment and the parameters (CQI values)
used for adaptive modulation control.

11 12 



EP 1 628 430 A2

8

5

10

15

20

25

30

35

40

45

50

55

[0117] The control unit 38 controls the operation of the
various units (for example, by controlling the possibility
of the operation by giving an enable signal or disable
signal), acquires the reception SIR from the CPICH re-
ception processing unit 34, acquires the decoding result
and CRC check result from the HS-SCCH reception
processing unit 35 and the decoding result and CRC
check result from the HS-PDSCH reception processing
unit 36, and executes specific processing based on these
data.
[0118] For example, the control unit 38 may acquire
CQI information corresponding to the acquired SIR by
looking up information stored in the storage unit 37 and
provide it to the transmission processing unit 39, thereby
causing it to be transmitted in the second and third slots;
determine if there is a message addressed to the mobile
station in question based on the decoding result from the
HS-SCCH reception processing unit 35, and if so, instruct
the HS-PDSCH reception processing unit 36 to perform
demodulation and decoding; and generate an ACK signal
or NACK signal according to the CRC check result from
the HS-PDSCH reception processing unit 36 and provide
that signal to the transmission processing unit 9.
[0119] As discussed above, the determination of the
presence of a message addressed to the station in ques-
tion can also be performed based on whether the path
metric generated by the decoding is below a specific val-
ue.
[0120] The transmission processing unit 39 transmits
the CQI information and ACK signal or NACK signal from
the control unit 38 in a specific HS-DPCCH slot.
[0121] When the wireless base station instructs (for
instance, via an announcement channel) that repeated
transmission of ACK signals and NACK signals be per-
formed, this instruction would be received by an unillus-
trated announcement channel reception unit, and based
on this instruction, the control unit 38 would shift to repeat
transmission mode, and instruct the transmission
processing unit 39 to repeatedly transmit ACK signals
and NACK signals.
[0122] Preferably, the instruction from the wireless
base station will contain the number of repeated trans-
missions (n), but if such notification is not provided by
the wireless base station, one may also preset it (e.g.,
by storing a flag indicating repeat transmission mode and
the number of repeated transmissions (n) in the storage
unit 37) and have the control unit 38 refer to this to find
out that repeat transmission mode is on and what the
number of repeated transmission (n) is.
[0123] When in repeat transmission mode, if it is de-
tected that a message addressed to the receiving station
was transmitted via HS-SCCH (notification detection),
the control unit 38 of the mobile station controls the
HS-SCCH reception processing unit 35 such that, when
receiving the corresponding HS-PDSCH sub-frame and
transmitting the reception result, the reception result will
be repeatedly transmitted n times, but demodulation or
decoding will be restricted for the first part of the next

sub-frame after the HS-SCCH sub-frame in which the
notification was detected (preferably, for n sub-frames
after the HS-SCCH sub-frame in which the notification
was detected).
[0124] As explained above, when the wireless base
station has instructed that repeat transmission be per-
formed or when the mobile station has been preset to
repeat transmission mode, ACK signals and NACK sig-
nals are transmitted repeatedly from the mobile station.
[0125] Thus, if HS-PDSCH was transmitted to the mo-
bile station in question, the wireless base station per-
forms control such that data is not transmitted via HS-PD-
SCH to the same mobile station until transmission of the
number of sub-frames corresponding to the number of
repeats (n) has been completed. Consequently, with re-
gard to HS-SCCH as well, it is assumed that the wireless
base station will not transmit messages addressed to the
same mobile station until transmission of the number of
sub-frames corresponding to the number of repeats (n)
has been completed. Therefore, it may be favorable, with
respect to reducing the power consumption of the mobile
station, to actively restrict reception of HS-SCCH in the
mobile station.
[0126] The foregoing was an overview of the operation
of the units shown in Figure 4.
[0127] Moreover, the base station, based on the CQI
information received via HS-DPCCH, performs subse-
quent transmissions using the corresponding transmis-
sion (modulation) scheme, transmits the next new data
upon receipt of an ACK signal, and performs retransmis-
sion of the transmitted data in case of receiving a NACK
signal or if no ACK signal is received within a specific
time period after transmission. Here, in cases where the
response signal is transmitted repeatedly, if an ACK sig-
nal is received once, it can be judged to mean that overall
an ACK signal was transmitted, or the reception result
which is received most over the repeated transmissions
can be judged as being correct.
[0128] HS-SCCH reception processing
[0129] Next, the HS-SCCH reception processing pro-
cedure in the mobile station will be described in detail
using Figure 5. The decision processing here is per-
formed in the control unit 38.
[0130] First, the control unit 38 determines whether re-
peat transmission mode is on (step 1).
[0131] As explained previously, there are cases where
there will be an instruction from the wireless base station
to shift to repeat transmission mode, cases where the
mode is preset in the control unit 38, and the like.
[0132] If repeat transmission mode was determined to
be on, the control unit 38 next attempts demodulation
and decoding of the first part of HS-SCCH in step 2. The
demodulation and decoding is performed by the control
unit 38 by controlling the HS-SCCH reception processing
unit 35 (e.g. by issuing an enable signal).
[0133] Being controlled to perform demodulation and
decoding, the HS-SCCH reception processing unit 35
performs de-spreading with a de-spreading code corre-
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sponding to HS-SCCH for the first slot of each HS-SCCH
sub-frame as shown in Figure 1, performs decoding, such
as Viterbi decoding, on the de-spread signal, and outputs
the decoding result to the control unit 38. Based on the
decoding result, the control unit 38 determines if there is
a message (notification of data transmission) addressed
to its station.
[0134] To further increase the precision of detection of
the presence/absence of notification, one can also de-
termine if Xccs and Xms are undefined bits or are within
the capabilities of the mobile station, and judge there to
be a notification if they are defined bits or are within the
capabilities of the mobile station, or judge there to be no
notification if they are undefined bits or are beyond the
capabilities of the mobile station.
[0135] Here, if it is determined that a notification is
present, one proceeds to step 4, and if it determined that
there is no notification, one returns to step 2 to perform
reception processing of the first part of the next HS-SCCH
sub-frame.
[0136] In step 4, the HS-SCCH reception processing
unit 35 is controlled to perform demodulation and decod-
ing of the second part of HS-SCCH, and the HS-PDSCH
reception processing unit 36 is controlled to perform de-
modulation and decoding of HS-PDSCH. Furthermore,
preferably, the control unit 38 itself is set to avoid demod-
ulation (decoding) of HS-SCCH.
[0137] Thus, the HS-SCCH reception processing unit
35 de-spreads and decodes the second and third slots
which follow the first slot of HS-SCCH.
[0138] Furthermore, the HS-PDSCH reception
processing unit 36 performs de-spreading using the
de-spreading code indicated by HS-SCCH and performs
decoding, such as turbo decoding, on HS-PDSCH, while
is transmitted with a two-slot delay relative to HS-SCCH.
[0139] Once decoding of the second part of HS-SCCH
is completed by the processing of step 4, the HS-SCCH
reception processing unit 35 performs a CRC error check
on the entire HS-SCCH sub-frame, and it is determined
if the decision in step 3 was correct or not (step 5).
[0140] Here, if there was an error (if a CRC error is
present), the detection of notification in step 3 is taken
to be erroneous, so if HS-PDSCH demodulation and de-
coding was being executed, it is discontinued and one
returns to step 2 to perform reception processing of the
next HS-SCCH sub-frame.
[0141] The setting of HS-SCCH demodulation (decod-
ing) avoidance, which was set in step 4, is preferably
cancelled. Even if it is not canceller, there will be no op-
erational problems, since avoidance will not be carried
out if one does not proceed to step 7.
[0142] If it is determined in step 5 that there is no error
(CRC error), one proceeds to step 7, determines if avoid-
ance of demodulation or decoding of HS-SCCH has been
completed, and if it is determined to have been complet-
ed, one returns to step 2, while if it has not been com-
pleted, one repeats the decision of the step 7 until it has
been completed.

[0143] In other words, the control unit 38 gives a dis-
able signal to the HS-SCCH reception processing unit
35, thereby controlling it such that demodulation or de-
coding of HS-SCCH is not performed until avoidance has
been completed. In this case, the HS-PDSCH reception
processing unit 36 is also controlled to not perform de-
modulation or decoding of HS-PDSCH until avoidance
has been completed by giving it a disable signal.
[0144] Completion of avoidance can be determined by
detecting the fact that at least demodulation or decoding
was not carried out on a number of sub-frames corre-
sponding to the number of repeats n (a natural number)
indicated by the wireless base station or preset in the
mobile station (e.g. stored in storage unit 37).
[0145] For example, subtracting the number of
sub-frames for which demodulation and decoding were
avoided from n, avoidance can be judged to have been
completed at the stage where n becomes 0.
[0146] Here, in addition to not demodulating and/or de-
coding all n sub-frames, one can also not demodulate
and/or decode 1 out of n sub-frames. Furthermore, if n
is 2 or greater, providing control such that demodulation
and decoding is not performed on all sub-frames starting
with the second of the n sub-frames will greatly reduce
power consumption. This is because here, with respect
to the first sub-frame, HS-SCCH error detection process-
ing has not been completed, so demodulation of the first
part could be initiated.
[0147] Finally, the case where the number of repeats
is 1 will be described using Figure 1.
[0148] In Figure 1, when a message (notification) ad-
dressed to this mobile station is transmitted in the first
sub-frame (A) of HS-SCCH, the mobile station transmits
the reception result (ACK signal or NACK signal) in slot
C of HS-DPCCH, and repeats the transmission of the
same reception result once in slot D.
[0149] The wireless base station has transmitted data
addressed to this mobile station in the first sub-frame E
of HS-PDSCH, and thus performs control so that data is
not transmitted to this mobile station in the following sec-
ond sub-frame F, as was explained above.
[0150] Thus, it becomes possible to reduce power con-
sumption by controlling the mobile station such that it
does not perform demodulation or decoding on the sec-
ond sub-frame B of HS-SCCH.
[0151] Here as well, if error detection processing of
HS-SCCH is not completed on time before initiation of
the reception processing for the next HS-SCCH
sub-frame, reception processing of the next HS-SCCH
may be initiated.
[0152] In other words, in cases where the error detec-
tion result for the first sub-frame A of HS-SCCH in Figure
1 is output during reception of the first slot (first part) of
the second sub-frame or the like, demodulation process-
ing (de-spreading) of the first slot of the second sub-frame
B will have been initiated already, so it would be prefer-
able to either discontinue de-spreading and control the
HS-SCCH reception processing unit 35 to not perform
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decoding after the error detection result was determined
to be error-free, or else control the HS-SCCH reception
processing unit 35 to discontinue decoding or not perform
decoding.
[0153] In this way, by discontinuing the operation be-
fore reception processing (demodulation, decoding) of
the first part has been fully completed, it becomes pos-
sible to at least somewhat reduce the power consumption
of the HS-SCCH reception processing unit 35.
[0154] Under non-repeat mode processing of step 8,
the processing of steps 2 through 7 of Figure 5 would be
performed while omitting step 4, in which HS-SCCH de-
modulation (decoding) avoidance is set, and step 7.
[0155] Furthermore, while in this example, HS-SCCH
demodulation (decoding) avoidance was set in step 4, it
also possible to not make this setting and rather execute
the processing whereby demodulation and decoding is
not performed (or is discontinued if demodulation or de-
coding has been initiated already) in step 7, for the
number of HS-SCCH sub-frames corresponding to the
number of repeats, if a determination of no error is made
in step 5.
[0156] Although specific embodiments of the present
invention have been described, it will be understood by
those of skill in the art that there are other embodiments
that are equivalent to the described embodiments. Ac-
cordingly, it is to be understood that the invention is not
to be limited by the specific illustrated embodiments, but
only by the scope of the appended claims.
[0157] This application is related to and claims priority
to Japanese Applications No. 2004-254954 filed Sep-
tember 1, 2004, and No. 2004-236831 filed August 16,
2004, in the Japanese Patent Office, the contents of
which are incorporated by reference herein.

Claims

1. A mobile station which receives a first datum and
transmits a first reception result with a first timing
when a first notification was received via a channel
which notifies that data is to be transmitted, and re-
ceives a second datum and transmits a second re-
ception result with a second timing when a second
notification with a different timing was received via
said channel,
said mobile station being characterized in that it
comprises:

a repeat transmission unit which, upon receiving
said first notification, transmits said first recep-
tion result with said first timing, and repeats the
transmission with said second timing; and
a control unit which imposes a restriction on the
reception processing with said different timing
of said channel which notifies that data is to be
transmitted when said first notification has been
received.

2. A mobile station as set forth in Claim 1, character-
ized in that
said restriction is a discontinuation of demodulation
or decoding.

3. A mobile station as set forth in Claim 1, character-
ized in that
said restriction is that demodulation or decoding is
not performed.

4. An HSDPA-compatible mobile station which, upon
detecting that a message addressed to that mobile
station was transmitted via HS-SCCH, receives the
corresponding HS-PDSCH sub-frame, and which,
when transmitting the reception result, repeats the
transmission of said reception result n times,
said mobile station being characterized in that it
comprises:

a control unit which performs control to restrict
demodulation or decoding of the first part of the
next sub-frame after the HS-SCCH sub-frame
on which said detection was performed.

5. A mobile station as set forth in Claim 4, character-
ized in that, when said n is 2 or greater,
said control unit performs control such that demod-
ulation and decoding are not carried out on the first
part of the second and subsequent HS-SCCH
sub-frames after the sub-frame on which said de-
coding was performed.
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